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This study was designed to investigate carbohydrate supplementation during
cheerleading training and its effect on performance. Seventeen participants in four trials;
one to gather anthropometric data and 1-repetition maximums, one familiarization trial, a
carbohydrate trial, and a placebo trial. The exercises used were power snatches from a
hang position, push jerks, front squats, and box squats. The exercises most mimicked a
standard strength and conditioning practice for cheerleaders. Performance was measured
by calculating the difference between pre- and post-training values in vertical jump
repetitions, peak power, average power, peak velocity, and average velocity in a power
snatch, and a 200-m shuttle sprint. Performance values for carbohydrate and placebo
trials were analyzed using a paired sample t-test, which found no significant difference
between the carbohydrate and placebo trials.
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CHAPTER I
INTRODUCTION
Since the 1970’s, the sport of cheerleading has increased in participation as it has
evolved. With the inception of Title IX, the days of simply cheering teams on from the
sidelines has passed, and now cheerleading is a sport offering All-Star, collegiate,
professional, and Olympic opportunities. As it has changed, cheerleading has expanded
from jumps, splits, and clasps to increased incorporation of advanced gymnastic skills,
stunts, pyramids and tosses. A survey, conducted by the National Federation of State
High School Associations (NFSH), found participation in high school cheerleading had
risen from 113,980 girls and boys in 2007-2008, to 394,694 in 2009. Additionally, in a
more recent study survey, NFHS 2014-2015 Annual High School Sports Participation
Survey found 125,763 girls participated in “competitive cheer” (Doshan, 2015). The
recent growth in cheerleading has been accompanied by research investigating injury
rates, and performance.
Cheerleading is a dangerous sport and it accounts for many traumatic injuries
among high school athletes (Naiyer et al., 2017). Notably, the surge in injuries has
paralleled the increase in participation. According to the National Center for Catastrophic
Sport Injury Research, injuries among high school cheerleaders account for two-thirds of
female high school catastrophic sports injuries. The parameters for a catastrophic injury
are defined as a fatality, an injury causing permanent severe functional disability, or
1

injuries causing severe head or neck trauma with no permanent disability (Naiyer et al.,
2017). Veritably, the number of catastrophically injured high school cheerleaders
increased by 242.8% between 1990 (10,895 injuries) and 2012 (37,344 injuries) (Naiyer
et al., 2017), with most injuries (around 80%) occurring during practice in the months of
August and February, coinciding with football season, basketball season, and the
competitive cheer season (Naiyer et al., 2017). According to Naiyer et al. (2007), injuries
were largely due to falls (29.4%).
Given the high demands of cheerleading, there is an increased risk of fatigue at
high rates, especially if the athletes are not properly conditioned (Thomas, D.Q.,
Seegmiller, J.G., Cook, T.L., Young, B.A., 2004). The lack of recovery and higher
fatigue may contribute to injuries occurring in practice, given the high amounts of
repetitive practice during the season, which leads to a greater in risk for injuries to the
ankles, lower-leg, lower-back, and rotator cuffs (Goodwin, E.P., Adams, K.J., &
Shelburne, J., 2004). The increase in injuries has led to recommendations to combat this
trend, which include safety training for coaches, complete physical examinations, and,
most importantly, incorporation of strength and conditioning regimens in order to elevate
performance and attenuate the rate of injuries (Naiyer et al. 2017).
Comprehensive conditioning is not only for the prevention of injury, but for
optimal performance as well. The increase in complexity and skill level has heightened
the demand for sport-specific training and has improved the study of specific
measurements on cheerleading performance (Davis, Hetzler, & Prins, 2004). For
example, research has begun to examine cheerleading with a focus on general fitness and
athleticism (Davis et al., 2004; Dobrescu, 2016; Naiyer, Chounthirath, & Smith, 2017;
2

Thomas, Seegmiller, Cook, & Young, 2004). Fitness levels of collegiate cheerleaders are
equivalent or better than collegiate gymnasts, volleyball players, and basketball players
(Davis et al., 2004). An understanding of the high levels of fitness of cheerleaders and
how their sport differs from others may help to validate athleticism of cheerleaders,
which in turn provide an opportunity for standardization of appropriate testing protocols
for the sport, and supplies a basis for specific strength and conditioning practices
(Goodwin et al, 2004). In cheerleading, most of the stunts and sport-specific skills are
comprised of series of repetitive jumping movements. A loss in power can result in faults
in twists in the air, errors in tossing of another cheerleading, and flaws in correctly
catching a flyer, which may lead to injuries. A well-designed strength and conditioning
program for cheerleaders can help to increase strength, power, endurance, flexibility,
agility, and balance (Goodwin et al., 2004). Strength training is vital to prepare any
athlete for practices and performances during off-season, pre-season, peak competition
season, and post-season. Presently, a paucity of data exists which could inform best
practices in the sport of cheerleading.
While improvements in performance can be achieved through strength and
conditioning, they may also be accentuated with nutritional interventions. Optimum
athletic performance is promoted by adequate energy intake (American Dietetic
Association (ADA), 2000), and some athletes do not meet the necessary energy
requirements for their sport. These insufficiencies can potentially lead to decreases in
performance, negative effects on health, and injuries (Tietjen-Smith, T., Mercer, J.,
2008). Moreover, inadequate energy consumption during periods of high intensity
exercise can result in loss of muscle mass, menstrual dysfunction, loss of bone density, a
3

prolonged recovery process, and an increased risk of fatigue, injury, and illness
(American Dietetic Association (ADA), 2000).
During high intensity exercise, carbohydrates (CHO) are the primary source of
fuel (Romijn et al.,1993). Additionally, consumption of CHO during activity has been
shown to increase performance, promote physiological adaptations (Thein, Thein &
Landry, 1995), maintaining blood glucose levels during exercise (American Dietetic
Association (ADA), 2000). CHO ingestion before and during exercise has been shown to
increase exercise performance (Jentjens & Jeukendrup, 2005), with exogenous
supplementation producing favorable results during anaerobic (Baker, Rollo, Stein &
Jeukendrup, 2015; Krings, B.M., Rountree, J.A., McAllister, M.J., Cummings, P.M.,
Peterson, T.J., Fountain, B.J., Smith, J.W, 2016) and aerobic exercise (Stellingwerff &
Cox, 2014). Correspondingly, increases in performance and decreases in fatigue due to
nutritional interventions are viable means of maintaining higher levels of performance
and subsequently attenuate injury rates among cheerleaders.
Limited data are available on sport-specific assessments for cheerleading
performance. Likewise, the effect of nutritional intervention on cheerleading performance
requires attention. Since CHO are the primary source of fuel during high intensity
exercise (Romijn et al.,1993), studies pertaining to their efficacy on increasing
performance in various athletes have been conducted. Studies on efficacy include
recreational (Welsh, Davis, Burke, & Williams, 2002), intermittent sport (Davis, Welsh,
De Volve & Alderson, 1999), endurance (Welsh, Davis, Burke, & Williams, 2002), and
power based athletes (Davis, Welsh & Alderson 2009; Davison et al. 2008). However,
limited research has specifically examined CHO in cheerleading athletes. Given these
4

points, the utility of this research lies in the ability to increase cheerleading performance,
and increase competitiveness on a national or international stage. Therefore, this
investigation aims to provide the necessary evidence to show whether CHO
supplementation has an effect on cheerleading performance. Ultimately, this information
can be implemented by cheerleading coaches, strength and conditioning professionals,
and cheerleading athletes.

5

CHAPTER II
LITERATURE REVIEW
The limited scientific inquiry concerning cheerleading focuses on the description
or definition of cheerleading (Johnson & Sailors, 2013; Raabe & Readdy, 2016),
evolution and importance of the sport (Dobrescu, 2016; Raabe & Readdy, 2016), injury
and prevention of injuries in cheerleading (Laudner, Metz, & Thomas, 2013; Naiyer et
al., 2017), and the biopsychosocial implications of cheerleading (Dobrescu, 2016;
Grindstaff & West, 2010; Mary & Johnson, 2015). Few studies have examined athletic
performance in cheerleading (Davis et al., 2004; Goodwin, Adams, & Shelburne, 2004;
Thomas et al., 2004), and none have examined the possible influence of dietary
intervention. Dietary interventions have been shown to improve exercise performance in
athletes (Thein et al., 1995), and may help increase performance among cheerleaders.
Because research specifically on cheerleaders is so limited, inferences from research on
comparable sports must be used. For instance, past studies have proposed intermittent,
anaerobic activities, such as resistance exercise, stimulate glycogenolytic effects (Haff,
G.G., Lehmkuhl, M.J., McCoy, L.B., & Stone, M.H., 2003). Since cheerleading is an
intermittent sport, the study of dietary interventions and their effects specific to
cheerleading could yield beneficial results. Thus, an increase in performance in elite
cheerleaders may lead to higher competitiveness by attenuating fatigue through
maximizing exercise capacity. This review of literature examines research about
6

cheerleading, the effect of menstrual cycles on physical performance, the performance of
sports related to cheerleading, dietary interventions, and how acute CHO supplementation
can affect performance.

Cheerleading
Cheerleading is a sport requiring strength, power, endurance, flexibility, agility,
balance, and high levels of skills and coordination (Gottlieb, 1994; Luckstead, & Patel,
2002; Luckstead, Satran, & Patel, 2000, Davis et al., 2004; Thomas et al., 2004). A
cheerleading team is comprised of multiple positions; the flyer, the main base and the
secondary bases. The main base and secondary bases toss the flyers in the air and catch
them safely as they return to the ground, while the flyers perform acrobatics while they
are in the air. For performances, a cheer routine on the sideline can last anywhere from
15-60 seconds, with a competition routine lasting 2-minutes and 15-seconds (Goodwin et
al., 2004). Consequently, the necessary skills for an elite level cheerleader are dangerous
and a miss could lead to catastrophic injuries. The basic skills and fundamentals which
are built into every other skill include a “standing tuck,” more commonly known as a
backflip, and a “full,” a tumbling move where the cheerleader will twist upside down in
the air (Cechetti, D., 2009). Other skills include cupies, thigh stands, shoulder sits, and
other gymnastics and dance variations.
Cheerleading stunts must be precise, as any fault from the routine can result in a
reduction in points and injury (Goodwin et al., 2004). For instance, cheerleading accounts
for roughly two-thirds of catastrophic sport injuries among female high school athletes
(Muller, 2009). Given the difficult nature of stunts and routines performed by
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cheerleaders, a conditioning and resistance training program are necessary for the
attenuation of injuries (Davis et al., 2004; Goodwin et al., 2004; Naiyer et al., 2017;
Thomas et al., 2004), and several authors have noted the lack of scientific data
concerning the training and physical conditioning of cheerleaders (Davis et al., 2004;
Dobrescu, 2016; Naiyer et al., 2017; Thomas et al., 2004).
Female collegiate cheerleaders are as physically fit as other female collegiate
athletes. Thomas et al. (2004) found that female cheerleaders had average V̇O2max of
40.7± 5.8 ml·kg-1· min-1, putting them in the 80th percentile according to the Aerobics
Research Institute guidelines and is similar to female basketball, dance, gymnastic,
swimming, tennis, and volleyball athletes (Heyward, 1998). Furthermore, mean bodyfat
percentage approximates 15.5%, which falls well within the athletic bodyfat percentage
range. These fitness parameters suggest fitness levels of collegiate cheerleaders rival
those of other collegiate female athletes (Bryant, 2014).
Little research has examined strength and conditioning in cheerleaders. Thomas et
al. (2004) and Davis et al. (2004) gathered physiological profiles on both female and
male cheerleaders, which included anthropometric measurements, measurements of
strength, power and flexibility, and found that their fitness rivals other collegiate athletes.
The importance of their findings was the focus on increasing or implementation of a
strength and conditioning program for collegiate cheerleaders. Various authors have
suggested, given a cheerleader’s high degree of physical ability, there is a need for
specific training regiments for cheerleaders. Flexibility, conditioning, and strength should
be the basis for training pertaining to cheerleaders (Davis et al., 2004; Goodwin et al.,
2004; Naiyer et al., 2017; Thomas et al., 2004). Researchers support the high levels of
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physical fitness among cheerleaders; however, testing and training protocols would be
more effective if they were more specific to the sport (Davis et al., 2004). The inclusion
of how a female’s muscular strength, endurance, and power can be developed or tested
with sport specific movements, may help to fill the gaps in research. For instance, the
difference in the specificity of the sport may cause changes in the development of
strength, and power, given that the use of repetitive jumps in order to continue tumbling
or stunting is unique to cheerleading. However, the paucity of training studies has
restricted testing for nutritional interventions and their effect on performance, given that
no testing standard has been set through the amalgamation of multiple studies. Thus,
targeted performance research is important not only for the improvement of cheerleading
performance, and the potential reduction in injury rates, but also to create a standard to
test ergogenic effects of supplementation. With this in mind, comparative research
regarding other athletes and their standardized research protocols should be used to help
corroborate research on cheerleaders.

Menstrual Cycle
Research involving female cheerleaders requires a basic understanding of the
menstrual cycle and its potential influences on performance. It has been proposed
changes in the menstrual cycle may influence performance (Schisterman, E.F., Mumford,
S.L., Sjaarda, L.A., 2013), which may acount for some variability. Briefly, the menstrual
cycle is comprised of four phases; menstruation, the follicular phase, ovulation and the
luteal phase (Widmaier, E.P., Raff, H., Strang, K.T. 2006). The length of the menstrual
cycle varies among women for several reasons, but generally approximates 28 days, with
9

the first day of the cycle corresponding with the first day of menstrual flow. Interactions
between ovaries, the hypothalamus, and the anterior pituitary gland result in gamete
maturation and hormone secretions, in turn causing change from the follicular phase to
the luteal phase (Widmaier et al., 2006). In females, the release of follicle stimulating
hormone (FSH) and luteinizing hormone (LH) slowly causes the growth of follicles. As
follicles continue to mature, estrogen and progesterone are released to prepare for
ovulation, while the mature follicle releases inhibin to decrease levels of FSH and LH
(Widmaier et al., 2006). Prior to the middle of the cycle, high levels of estrogen cause a
rapid increase of FSH and LH, which leads to ovulation. In the absence of an implanted,
fertilized egg, the luteum will degenerate, levels of estrogen and progesterone will
decrease, and the degeneration of the endometrium will begin the next menstrual cycle
(Widmaier et al., 2006). When considering ovarian function, the menstrual cycle is
divided into two phases separated by ovulation. The first phase is the follicular consisting
of the maturation of a single follicle and the development of a secondary oocyte, while
the luteal phase consists of the degeneration of the corpus luteum after ovulation occurs.
In particular, estrogen increases during the second week (after uterine bleeding and
before ovulation), causing the dominant ovarian follicle to grow, which in turn secretes
more estrogen.
Schisterman et al. (2013) suggests the menstrual cycle has varying degrees of
influence on oxidative stress, inflammation, lipoprotein cholesterol metabolism, and
glucose metabolism depending on the given point in the menstrual cycle phase. For
example, increases in estrogen production, specifically estradiol, has been shown to
stimulate glucose uptake in skeletal muscle, alter number and size of adipocytes and to
10

regulate energy metabolism in rats (Schisterman at al., 2013). Similarly, fasting insulin
and glucose both rise before ovulation and reaches maximum levels during the luteal
phase (Schisterman et al., 2013). While Schisterman (2013) proposed changes in insulin
insensitivity and glucose uptake may not be statistically meaningful, they do suggest
timing visitation of trials around specific phases of menstruation may lead to more
precise measurements.

Sport Specificity
Cheerleading incorporates movements and technical skills mirroring other sports.
Thus, understanding various research methods used to examine those sports can help
qualify and standardize testing protocols. Since cheerleading events are comprised of
continuous production of short bursts of high intensity work with short periods of
recovery, it can be categorized as an intermittent sport. The similarities of cheerleading to
other sports can be observed in gymnastics, dance, basketball, volleyball, and CrossFit.
Therefore, research examining these sports can be used to provide some insight into the
expected responses of cheerleaders to various training and dietary interventions.
Gymnastics and Dance
Gymnastics and dance, much like cheerleading, requires a high degree of
flexibility, strength, agility, balance, and the ability to produce force for tumbling runs,
and jumps. Moffiat et al. (1984) compared body composition and physiological
characteristics of female high school gymnasts to non-athletic high school females. The
study concluded gymnasts had significantly lower body fat, and greater lean body weight
11

and body density compared to the non-athletic high school females. Results showed
gymnasts have higher V̇O2max, anaerobic capacity, and anaerobic power output compared
to non-athletic high school females. Given the similarities of gymnastics to cheerleading,
young female cheerleaders likely also have a higher V̇O2max, anaerobic capacity and
anaerobic power output when compared to gymnasts and non-athletic females.
Age and skill are not the only markers for high performance of cheerleaders. Faria
and Faria (1989) examined the relationship between anthropometric and physical
characteristics of male junior gymnasts and performance in order to identify if
anthropometric and physical characteristics were related to gymnastic performance. The
authors found physique, strength, power, and flexibility are main influencers on level of
performance for any given athlete. However, according to their study, development of
power, while strongly linked to leanness and strength, did not indicate high levels of
power output. Faria et al. (1989) suggest high levels of power output are mostly due to
their training experience and skill level. This study supports the notion that similarities
exist between differing competitive levels regarding lean mass, and body composition.
Thus, because strength, power, flexibility, and physical characteristics are markers of
highly skillful gymnasts, these characteristics can also be considered in cheerleaders.
Another sport that is closely related to cheerleading and gymnastics is dancing.
As such, the similarities justify use of previous testing protocols to apply to cheerleading.
A study done by Baldari and Guidetti (2001) sought to quantify levels of fitness on
dancers and to create guidelines for future strength and conditioning protocols. With this
intention, Baldari et al. (2001) examined V̇O2max, individual ventilatory threshold (IVT),
and individual anaerobic thresholds (IAT) of young female classical dancers and
12

compared them to female gymnasts. The study proposed that female classical dancers had
comparable levels of fitness to female gymnasts. These data suggested cheerleaders
might have values at or above the maximal levels of rhythmic gymnasts, given the
similarities in their sport. The study also suggests that in order to reliably test and
quantify data pertaining to dancers, submaximal loads must be used to be accurate.
Perhaps the conclusion drawn from this research is the importance of using a submaximal
load when testing athletes such as cheerleaders. Correctly setting appropriate testing
protocols to mirror practice or performances are necessary, and these conclusions have
direct implications on researching working to establish appropriate testing measurements
for cheerleaders.
Volleyball and Basketball
The ability to jump high, a fundamental movement in cheerleading, is considered
to be an important skill in many sports because it is associated with power output and is
linked with an athlete’s ability to perform. Given that cheerleading, basketball, and
volleyball exhibit similar jumping characteristics, inferences from volleyball and
basketball may be applicable in identifying viable exercise protocols. Changes in jump
capacity and peak power output due to performance variability may give insight to how a
cheerleader performs. Stauffer et al. (2005) suggested that vertical jumps demonstrated
validity of peak power output for basketball players and concluded they serve as valid
field tests (Stauffer, K., Nagle, E., Goss, F., & Robertson, R.,2005). Thus, the use of
vertical jumps may be viable for testing performance of a cheerleader. The results of
Stauffer et al. (2005) indicate body weight has a considerable influence on vertical jump
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performance, which may indicate vertical jump performance and relative power output
could be greater in cheerleaders relative to their lower body weights.
Researchers may also be able to draw parallels about anaerobic power output, and
anaerobic capacity for cheerleading by using female volleyball players as a base. When
comparing the values of adult volleyball players to female cheerleaders (Davis et al.,
2004), volleyball players had lower vertical jump values (33.8 ± 4.3cm) than cheerleaders
(45.5 ± 5.2cm). These results suggest cheerleaders may have higher relative power
outputs when compared to volleyball players even under similar protocol (686.8 ± 61.6W
to 596.0 ± 92.0 W). Specific characteristics may have strong influences on performance.
For instance, Cosmin et al. (2014) examined anthropometric characteristics and physical
performance of female volleyball players using vertical jump tests. Vertical jump test
results were used to quantify performance and suggested that players with lower bodyfat
percentages had higher power output, thus performing better in vertical jump tests. The
increase in performance for vertical jumps allowed the athletes to compete at higher
levels because of their ability to jump higher than the opposing teams, and to create
enough power to get in position quicker. While vertical jump values were lower when
compared to collegiate cheerleaders (Davis et al., 2004), age, height, and training
differences may confound a direct comparison. Nonetheless, these data serve as
foundation for future protocols for testing similar athletes, such as cheerleaders.
Ziv and Lidor (2010) examined the influence of variation in physiological and
physical characteristics on play style and position in volleyball along with fitness levels.
Ziv et al. (2010) suggest that vertical jump performance positively correlates to sports
performance, and specific strength and conditioning programs can increase vertical jump
14

performance, thus performing better within their sport. Comparing vertical jump
performance of volleyball players and cheerleaders may help to distinguish similarities
and differences within their sport and capabilities. When comparing vertical jump values
of adult female volleyball players to female cheerleaders (Davis et al., 2004), volleyball
plays had lower vertical jump performance values (33.8 ± 4.3cm) than cheerleaders (45.5
± 5.2cm). These results suggest cheerleaders may have higher relative power outputs
when compared to volleyball players, even when under similar protocol (686.8 ± 61.6W
vs 596.0 ± 92.0W). The differences in power output may be attributed to sport-specific
movements and the completion of cheerleading specific tasks, which may mean
differences in their performance, in their substrate utilization, and how performance is
affected by differing ergogenic aids. Improvements to vertical jump performance may
suggest improvements in specific sports performance, particularly in cheerleading.
CrossFit
CrossFit is a fitness regimen consisting of daily workouts at a short, high
intensity, and is defined as a physical strength and conditioning program based on
functional movements such as weightlifting, gymnastics, and metabolic conditioning
(Glassman, 2007). Many of the movements required in CrossFit are comprised of highly
technical skills requiring high power outputs over time. Given the demands of the sport,
and the inclusion of gymnastics in CrossFit, researchers can draw upon results of these
studies for information applicable to cheerleaders. Maté-muñoz et al. (2016) investigated
blood lactate and muscular fatigue in response to CrossFit. At the end of every workout,
blood lactate levels were above 10 mmol•L-1, and values in jump height, average power
relative (APR), average power total (APT) and maximum takeoff velocity (Vmax) were
15

significantly decreased after 3 min of rest. In this instance, Maté-muñoz infers this could
potentially be due to the primary metabolism required for these activities depleting
phosphocreatine stores (Maté-muñoz, J. L., Alfonso, U., Sabio, X., Mate, L., 2017).
Notably, the decrease in jump capacity and peak power output, caused by depletion in
phosphocreatine stores, may give insight to how the performance of a cheerleader could
be influenced under similar testing protocols. However, differences between CrossFit
athletes and cheerleaders merit research in cheerleading in order to see if there are
disparities in performance and the utilization of different energy systems. The use of
barbell movements or training under various loads in CrossFit may be different enough
for disparate utilization of energy systems. Conversely, the similarities, especially in
gymnastic-like movements and intensity, may yield promotion of similar energy systems.
Variability in energy system utilization and potential attenuation of decrements in
performance, via nutritional supplementation, mandate attention in order to accurately
prescribe the use of ergogenic aids. This is important for the future of cheerleading and to
potentially combat the rise of injury rates.

Carbohydrate Supplementation
CHO are a major source of fuel for humans, and nutrient manipulation and
supplementation have been shown to improve performance, promote physiological
adaptations and improve recovery (Thein, Thein & Landry, 1995). Much attention has
been directed toward CHO as they serve to provide exogenous fuel to delay fatigue by
sparing muscle glycogen, and increasing utilization and dependency of blood glucose
(Burke, L.M., Hawley, J.A., Wong, S.H., & Jeukendrup, A.E., 2011). Furthermore,
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exogenous CHO have been shown to increase exercise performance depending on the
type and amount of CHO ingested (Jentjens, Achten, & Jeukendrup, 2004; Jentjens &
Jeukendrup, 2005; Jentjens et al., 2005). Research suggests exogenous supplementation
of CHO can produce favorable results during anaerobic exercise, (Baker, L.B., Rollo, I.,
Stein, K.W., Jeukendrup, A.E., 2015) aerobic exercise (Stellingwerff & Cox, 2014),
especially in states where fatigue or hypoglycemia have occured (Baker et al., 2015).
Muscle glycogen and blood glucose are the primary substrates utilized during
intermittent sport performance (Haff et al., 2003). While CHO ingestion has shown
benefits to intermittent exercise capacity (Welsh, Davis, Burke, & Williams, 2002; Davis,
Welsh, De Volve & Alderson, 1999; Davis, Welsh & Alderson 2009; Davison et al.
2008), branch chain amino acids, chromium, and other electrolytes were added to the
mixture, each of which may have played a role in increased performance. Additionally,
several researchers have also studied endurance, court and field-based intermittent sports,
in which the positive influence of CHO has been well established, but do not appear to
affect sport-specific skills or jumping performance.
For example, Currell et al. (2009) investigated reliability of a new test of soccer
performance and to what effect CHO would impact the test. The results showed that,
while on-field skills like dribbling and kicking accuracy improved, no significant
difference in vertical jump was found (Currell, Conway, & Jeukendrup, 2009). Moreover,
no significant differences were found in jumping in other studies as well (Dougherty,
Baker, Chow, & Kenney, 2006; Welsh, Davis, Burke, & Williams, 2002), but an
investigation by Winnick et al. (2005) recorded benefits from ingesting CHO before and
during soccer-specific exercise. Even so, the degree to which cheerleading differs from
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other sports, due to its repetitive jumping and stunting, may yield differing relationships
between CHO needs and differences in performance. Since a cheerleading performance
lasts a shorter amount of time, but is done at a much higher intensity (Goodwin et al.,
2004), it may elicit more use of glycogen as a substrate to fuel performance. Therefore,
the metabolic demands of cheerleaders may emphasize use of the glycolytic system to a
greater degree, potentially eliciting a large enough glycogenolytic effect to increase the
utilization of CHO. The degree to which CHO are used is important to create specific
CHO administration guidelines during practices and performance for cheerleaders in an
effort to decrease injuries by decreasing fatigue.
As previously mentioned, CrossFit is comparable to cheerleading, given its basis
of gymnastics and shorter duration, high-intensity exercise. In a study completed by
Rountree et al. (2017), researchers investigated the effect of CHO ingestion on CrossFitlike (short duration, high-intensity exercise sessions) performance. Similarly, no
differences in total work were observed between CHO and placebo (PLA) trials, and no
treatment comparing exercise across sessions. Ultimately, the study found ingestion of
CHO during short duration, high intensity CrossFit did not provide any benefit to
performance. The authors note that the relatively short duration of the total workout
session may not have been sufficient to observe an effect of CHO. Because cheerleading
practice and performances typically last much longer than CrossFit exercises, it is likely
to also result in a higher use of muscle glycogen and blood glucose use than CrossFit
requires. Thus, CHO supplementation may elicit increases in performance and/or reduced
fatigue. Additional research that specifically examines the ergogenic benefit of CHO
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supplementation among cheerleaders is critical to addressing this question. Likewise, the
implications of this work are critical to establishing more efficacious training protocols.

Summary
The majority of research on cheerleading has focused on its impact on
communities and the injury rates associated with the sport. The limited scientific data on
cheerleading, and lack of standardized training protocols, have left gaps in how to
properly increase performance and reduce injuries. Specifically, the previous
investigations have not tested the efficacy of nutritional supplementation as an ergogenic
aid for cheerleaders. Thus, researchers have had to make inferences using data based on
sports related to cheerleading to create a standard protocol for testing cheerleading
performance and to quantify significance. Also, data regarding CHO in other sports can
be used as foundation of work to potentially yield improvements of physical
performance, increases in favorable physiological conditions, and improved testing
measurements for all levels of cheerleaders. Therefore, the purpose of this study is to
investigate the effects of CHO supplementation on performance in female, collegiate
cheerleaders.
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CHAPTER III
METHODS
Subjects
Twenty-five female, collegiate cheerleaders between the ages of 18 and 21 were
recruited for this study, with 16 participants completing experimental testing. All
participants had been cheerleading for at least 2 years at the time of the study, were a
member of a collegiate cheerleading team, and refrained from any additional form of
nutritional supplementation such as caffeine, protein, and creatine during the duration of
the study. Data were collected at Joe Frank Sanderson Center on Mississippi State
University’s campus.
Experimental Procedures
Trials consisted of a pre-training assessment, a training protocol and a post-training
assessment. To account for overall dietary influence, each participant was instructed to
consume the same foods and beverages at the same time of day before their trial, along
with a 12-hr fast before a trial. Participants were also instructed to not consume caffeine
12-hr before each trial. Additionally, participants were asked to refrain from any extra
physical activity outside of cheerleading obligations and to abstain from consuming any
additional supplementation during the duration of the study. During the fast, participants
were allowed to consume water ad libitum to maintain hydration during that time.
The full study protocol consisted of four trials. The first trial consisted of
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explanation of protocol and recording of anthropometric measurements. Once the
protocol was explained and all questions were answered, anthropometric measurements
were recorded. Anthropometric measurements included height (cm), weight (kg), skeletal
muscle mass (kg), body fat mass, Body Mass Index (BMI), and percent body fat (PBF).
First, height and weight were recorded using a digital stadiometer (235D; QuickMedical,
Issaquah, WA, USA) and a digital scale (Defender 5000, Ohaus Corporation, Parsippany,
NJ, USA). Once completed, the participant used an In-Body 370 (Cerritos, CA, USA) to
determine skeletal muscle mass (kg), body fat mass (kg), BMI, and PBF. Immediately
after, the PBF of the participant was recorded using skin calipers. The three sites were the
right triceps, suprailiac, and the thigh, and all were taken by the same researcher in order
to reduce variability. For the triceps, measurements were taken on the posterior of the
midline, halfway between the acromion and olecranon processes. The measurements for
the suprailiac were taken in line with the mid-axillary line, superior to the iliac crest.
Finally, the thigh measurements were taken midway between the proximal border of the
patella and the inguinal crease. All measurements were taken three times, and if
measurements were not within 2-mm, an additional measurement was taken. All
measurements were averaged to give the measurement of the site, which was used in the
ACSM formula. A three-site formula following the equation set by the American College
of Sports Medicine (ACSM) was used to calculate PBF, where PBF = [(495/Body
Density) – 450], where Body Density (BD) was determined using the formula BD =
(1.0994921- (0.0009929*(sum of three skinfolds)) + (0.0000023*((sum of three
skinfolds)2)) - (0.0001329*(age))).
Following the completion of the skin-fold measurements, participants completed an
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8-min warm-up consisting of high-knee pulls, quad pulls, high kick bend-overs,
inchworms, high knees, butt kickers, high skips, and a dynamic stretch for shoulders to
move through full range of motion utilizing a PVC pipe. The predicted 1-repetition max
(1RM) for power snatch from hang position, push jerk, and front squat were recorded.
During predicted 1RM testing, participants tried to lift within a target range of 2-5
maximum repetitions to predict 1RM. A three-set approach was used, where the first set
was light weights and 5-10 repetitions, the second was 50-80% of their perceived 1RM
for 3-5 repetitions, and the final set was one maximum estimation set. Once all sets were
completed, participants were scheduled for their next trial and were free to leave.
The second trial served as a familiarization trial to account for any learning effects
of the CHO administration and training protocol. During this trial, each participant was
restricted to 50 mL of water provided immediately before warm-up, power snatches, push
jerks, front squats, box jumps, and the shuttle run. Also, participants completed the
session without music to reduce external influencers. This trial served to mimic the
training protocol, drinking schedule and intake volumes of the third and fourth trials. A
standard power training session for cheerleaders following sport specific Certified
Strength & Conditioning Specialist guidelines was used, and it can be found in Table 1.
Testing was done before and after the training protocol, except for the shuttle run
which was performed only at the end. Standing maximal vertical jump was determined by
taking the highest value of three attempts on a Vertec Vertical Jump™ (Sports Hlliard,
OH), which was used to assess vertical displacement. Participants were then tested for
vertical jump repetitions by setting a mark at 90% maximal vertical jump, and completing
vertical jumps until the mark was missed twice consecutively.
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Table 1
Training Protocol
Exercise

Sets

Repetitions

Intensity

Rest
Period
3 min

Vertical Jump*

1

Failure

90%**

Power Snatch
from Hang
Position*
Push Jerk

3***

4

3385%**

3 min

3

4

80-85%

3 min

Front Squat

3

4

80-85%

3 min

Box Jumps

3

15

-

60 sec

200m Timed
Shuttle Run
Vertical Jump*

1

-

-

3 min

1

Failure

90%**

3 min

Power Snatch
1
4
33%
3 min
from Hang
Position*
*Performance measurements were assessed and recorded during this exercise
**Percentage was based upon 90% of maximum Vertical Jump height
***The first set of the power snatch was based upon 33% of the average weight of the
flyers on the team and served as the Pre-test measurement.
In order for a jump to count, the participant had to hit their 90% mark, and each
vertical jump was completed as quickly as possible. Participants only slowed down to
reset their feet if they had deviated from the measuring point. Peak power, average
power, peak velocity, and average velocity were determined during a power snatch from
a hang position using a Tendo Unit (Irmo, SC, USA). The weight for the power snatch
was 15.8kg, which was approximately thirty-three percent of the average weight of the
flyers (51.3kg) on the Mississippi State University Spirit Groups team. Finally, a timed
200-m shuttle run, performed after the training protocol, was recorded using Brower
Timing Units (Draper, UT, USA). After completing pre-test assessments and five
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exercises, participants rested for 3 min before completing the post-training measures.
Each training session lasted approximately 65 min.
Prior to performing the training protocol, a participant’s hydration status was
evaluated using Urine Specific Gravity (Atago, Bellevue, WA, USA). The dehydration
cutoff for the Urine Specific Gravity test used in the present investigation was 1.030, as
proposed by Casa (Casa, D.J., Armstrong, L.E., Hillman, S.K., Montain, S.J., Reiff, R.V.,
Rich, B.S.E., Roberts, W.O., & Stone, J.A., 2000). Once adequate hydration status was
assessed, a standardized warm-up was performed. The warm-up consisted of 8 min of
high-knee pulls, quad pulls, high kick bend-overs, inchworms, high knees, butt kickers,
high skips, and a dynamic stretch for shoulders to move through full range of motion
utilizing a PVC pipe. The participants were given 1 min of rest after completing the
warm-up before the pre-test assessment and training trial started. Following completion
of the post-assessment, participants were given 5 min to cool down and stretch. Each
participant completed four trials, which were separated by one week.
The third and fourth trials were conducted using a double-blind, counterbalanced,
randomized cross-over design with either a PLA or the CHO supplement instead of the
water. Administration of the CHO or PLA was randomized by creating a randomized
chart with letters “a” and “b” randomly assigned to a number. A random number
sequence was then completed to match all the subject numbers with the letters. The
researcher in charge of the randomized chart also mixed the CHO and PLA solutions and
was not part of the training sessions.
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Supplementation
CHO and PLA beverages were provided by Sqwincher (The Sqwincher Corporation,
Columbus, MS, USA). The CHO supplement was a 6% CHO solution, with the main
ingredients listed as fructose and dextrose, in 500mL of water. A six percent solution is
used in common sports drinks (Coombes & Hamilton, 2000) and was found to be
beneficial during strength and conditioning training bouts (Krings et al., 2016).
Participants received 30g of CHO administered in 5g increments six times throughout the
training protocol prior to: the warm-up, the power-snatch, the push jerk, the front squat,
box jumps and the shuttle run. The PLA was a non-caloric mixture that mimicked
sweetness and flavor of the CHO solution, and had the same ingredients as the CHO,
except for sucralose which was used as the artificial sweetener and sugar substitute.
Beverages were provided in blue bottles with five separate marks at 83.33ml increments
which corresponded to the drinking schedule.

Statistical Analysis
Descriptive statistics were calculated for all variables to determine the influence of
CHO supplementation on differences in vertical jump, peak power output, average power
output, peak velocity output, average velocity output, and 200-m shuttle run. The analysis
consisted of a two-tailed t-test, which analyzed the difference in performance between
vertical jump repetitions, power snatches, and timed sprints. Change scores were used to
quantify differences in performance between pre- and post-training measurements and
were used for the two-tailed t-test. Additionally, a 2 x 2 repeated measures ANOVA was
used to detect main effects to determine changes across pre- and post- trials, differences
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between treatments of CHO and PLA, and interactions between the treatments and the
pre- and post-training measurements. Alpha level was set at p < 0.05. The Statistical
Package for the Social Science (SPSS, Version 23; SPSS Inc., Chicago, IL) was used for
statistical analyses.
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CHAPTER IV
RESULTS
Twenty-five female, collegiate cheerleaders between the ages of 18 and 21 were
recruited for this study, with 16 participants completing experimental testing. One
participant incurred injuries during cheerleading practice outside of the training study,
making her unable to continue the study, two participants were not hydrated enough to
continue the study on trial dates, and five participants missed trial dates. Descriptive
characteristics for the 16 participants with complete data sets are presented in Table 2.
Comparison between participants for the present study and previous studies can be found
in Table 3. Performance measurements comparing experimental and placebo treatments
are presented in Table 4. No differences in vertical jump when comparing pre- and posttraining between treatments (p = 0.280) (Figure 1). Further, no differences were
observed pre- and post-training in average power output (p = 0.608), or peak power
output (p = 0.748) (Figure 2 and Figure 3, respectively). Additionally, no differences
were found when comparing average velocity output (p = 0.719) and peak velocity output
(p = 0.491) (Figure 4 and Figure 5, respectively) Finally, 200-m sprint times are
displayed in Figure 6, and no differences between treatments were observed pre- vs. posttraining (p = 0.461). p values for the repeated measures ANOVA can be seen in Table 5.
Statistically significant differences were only seen in time (p=0.000) and treatment
(p=0.027) for vertical jump repetitions. For time, pre-trial repetitions were higher (mean
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= 14.69) than post-trial repetitions (mean = 9.688). For treatments, PLA had a higher
value for vertical jump repetitions when compared to CHO (13.22 and 11.16).
Additionally, no significant differences occurred in average power, average velocity,
peak power, and peak velocity for time, treatment, and interactions between time and
treatment.
Although differences were not significant, pre-trial values were higher than posttrial values for average power (251.75W compared to 248.66W), and average velocity
(1.62m/s compared to 1.61m/s). Additionally, for treatment, PLA had higher values for
average power (250.48W), but lower values for average velocity (1.60m/s) when
compared to CHO (249.93W and 1.63m/s respectively). For peak power, post-trial
measurements had higher values when compared to pre-trial measurements (383.67W
compared to 383.33W) and CHO had higher values than PLA (384.46W compared to
382.54W). Finally, for peak velocity, post-trial values were higher than pre-trial values
(2.45m/s compared to 2.44m/s) and CHO had higher values than PLA (2.45m/s and 2.44,
respectively).
Also, given the inconsistency of the 2 x 2 repeated measures ANOVA, change
scores were used to quantify the difference between both treatments and to account for
variability between pre- and post- trial measurements. Change scores between CHO and
PLA can be found in Table 6.

28

Table 2
Characteristics of the Participants
Characteristic

Mean ±SD

Min-Max

Age (years)

19.5 ± 1.07

18-21

Weight (kg)

59.8±8.84

47.1-71.8

Height (cm)

162.5±5.786

155-173.3

BMI (kg/m2)

22.6±2.63

18.4-26.7

Skeletal Muscle Mass BIA (kg)

25.4±3.63

20.4-31.5

Body Fat Mass BIA (kg)

14.0±4.38

7.86-20.1

BF BIA (%)

23.2±5.19

16.0-32.9

BF Skin Calipers (%)

18.7±3.74

12.3-25.4

Table 3
Characteristics of the Participants Compared to Thomas et al., 2004
Characteristics
Age (years)
Weight (kg)
Height (cm)
BF BIA (%)
BF Skin Calipers (%)
BF Hydrostatic Weighing (%)

Present Study
19.5 ± 1.07
59.8 ± 8.84
162.5 ± 5.786
23.2 ± 5.19
18.7 ± 3.74

Thomas et al., 2004
19.4 ± 1.1
53.5 ± 4.4
157.4 ± 2.8
15.5 ± 6.9
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Table 4
Descriptive Statistics for Exercise According to Experimental Conditions
Supplement

Carbohydrate

Placebo

Measurement

Pre

Post

Pre

Post

Vertical Jump
(reps)
Average Power
(W)
Average Velocity
(m/s)
Peak Power (w)

13.2 ±3.29

9.13±2.75

16.19±3.71

10.3±4.73

250.32± 35.10

249.55±47.06

253.19±38.04

247.78±38.36

1.63±.269

1.63±.289

1.61±.244

1.58±.244

383.89±38.78

385.03±36.87

382.77±34.02

382.31±36.26

2.45±0.25

2.46±0.24

2.44±0.22

2.43±0.23

Peak Velocity
(m/s)
Sprint Times

48.7±3.47

48.3±2.98

Values are means with standard deviation

Table 5
Significance of Performance Measurements Based on Repeated Measures ANOVA
Variable
Vertical Jump Repetitions
Average Power
Average Velocity
Peak Power
Peak Velocity
Table of p values
* represents significance

Time (p)
0.000*
0.682
0.695
0.925
0.920
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Treatment (p)
0.027*
0.924
0.239
0.418
0.332

Time*Treatment (p)
0.280
0.608
0.719
0.748
0.491

Table 6
Descriptive Statistics for Change Scores According to Experimental Conditions
Supplement

ΔCHO

ΔPLA

Vertical Jump (reps)

-4.1 ± 3.8

-5.9 ± 5.3

Average Power (W)

-0.7 ± 40.1

-5.4 ± 24.9

Average Velocity (m/s)

-0.01 ± 0.2

-0.02 ± 0.2

Peak Power (w)

1.1 ± 19.5

Peak Velocity (m/s)

0.01 ± 0.1
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-0.45 ± 13.6
-0.01 ± 0.1

Figure 1.

Vertical jump change scores in carbohydrates and placebo

Mean values are represented by “x”
Outliers are represented by “•”
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Figure 2.

Average power change scores in carbohydrates and placebo

Mean values are represented by “x”
Outliers are represented by “•”
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Figure 3.

Peak power change scores in carbohydrates and placebo

Mean values are represented by “x”
Outliers are represented by “•”
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Figure 4.

Average velocity change scores in carbohydrates and placebo

Mean values are represented by “x”
Outliers are represented by “•”
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Figure 5.

Peak velocity change scores in carbohydrates and placebo

Mean values are represented by “x”
Outliers are represented by “•”
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Figure 6.

200-m shuttle sprint time change scores in carbohydrates and placebo

Mean values are represented by “x”
Outliers are represented by “•”
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CHAPTER V
DISCUSSION
The aim of the present investigation was to examine the efficacy of CHO
supplementation on performance during a training protocol simulating cheerleading
practice and performances. Results indicated no significant statistical difference in
change scores between pre- and post- trials for repeated vertical jumps, peak power,
average power, peak velocity, average velocity, and 200-m shuttle run. Because of
smaller variances between values in vertical jump, average power, and average velocity
during the CHO trial, effect size calculations were performed. The effect sizes were
d=0.234, d=0.135, and d=0.099 for the vertical jump, average power, and average
velocity respectively. For all three performance measurements, a small effect size was
seen based on Cohen’s d. A treatment effect was observed when examining vertical jump
during CHO and PLA treatments, where PLA treatment had higher values for vertical
jump (13.22 repetitions) than CHO (11.16 repetitions). Participants performing better in
the PLA trial may have been due to the inability to measure sensitive changes based off
of repetitions, variability in sleep patterns before their trials, fluctuations of their
menstrual cycles, and overall effort in the exercise protocol. The 2 x 2 repeated measures
ANOVA showed that, even though there were significant differences in vertical jump
performance pre- and post- trials, the strength and conditioning training protocol was not
fatiguing enough to elicit decrements in overall performance. Therefore, even with a
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small effect, because the trial was not fatiguing enough, the CHO would not have had an
impact on blunting performance decrements. The lack of statistical significant difference
suggests physical performance is unaltered when ingesting CHO or PLA during a
cheerleading strength and conditioning practice, and that any effect that was seen in
performance was small. However, these findings contradicted some results from past
investigations which show CHO supplementation eliciting ergogenic effects when
supplemented prior to and during a trial (Winnick et al. 2005; Welsh et al. 2002).
Previous investigations on the effect of nutritional interventions on performance
for collegiate, female cheerleaders are few, although previous performance studies
involving other sports have shown CHO supplementation having positive effects on other
athletes. While one study found CHO improved jump performance in basketball athletes
(Winnick et al. 2005), previous studies have shown no significant difference in jump
performance (Baker, Dougherty, Chow, & Kenney, 2007; Dougherty, Baker, Chow, &
Kenney, 2006; Welsh, Davis, Burke, & Williams, 2002). On the contrary, Welsh et al.
(2002) found CHO showed an increase in intermittent performance of experienced soccer
and basketball individuals, which appeared to be mainly attributed to decreased fatigue
rates and faster sprint times. However, the decreased fatigue rates and faster sprint times
could be because participants were given roughly 127g/h of CHO throughout the trials,
four times more than in the present study. The greater dose of CHO may have led to more
of a utilization than the cheerleaders experienced in the present study, which would in
turn spare muscle glycogen. Furthermore, the present study departs from previous
findings regarding CHO supplementation and shuttle run performance. Krings et al.
(2016) found 30g/h of CHO was likely to improve performance in a 137-m shuttle run.
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Further studies examining blood glucose or muscle glycogen levels may help to answer
why differences were present. For instance, analyzing muscle biopsies or taking blood
measurements may give a clearer understanding to the extent of CHO and/or muscle
glycogen utilization.
Additionally, the absence of significant differences in average power and peak
power contradict results found in previous studies performed on CHO ingestion and
power. Pomportes et al. (2016) reported magnitude-based inferences showing ingestion
of CHO most likely had a positive effect on peak power, and tiredness (Pomportes, L.,
Brissawlter, J., Hays, A. & Davranche, K., 2016). However, Pomportes looked at power
in sprint performance on a Wattbike cycle for cyclists and used a cardio based trial. Thus,
it remains unclear whether positive effects of CHO supplementation on power would be
observed during different modalities, such as during the power snatch. Given the duration
of the trial, and the likely positive affect on tiredness found by Pomportes et al. (2016),
CHO could also prove important for minimizing injuries due to fatigue. Therefore,
further research must be conducted in order to see if differences may occur under specific
cheerleading training protocols.
Baker et al. (2015) suggested ingesting CHO has a greater impact on intermittent
sports towards the end of the event, but states the impact is dependent on the CHO status
of an individual. Because no dietary intervention outside of the trials was required in the
present study, it is possible the athletes were already consuming or were accustomed to
CHO in their diets, which may have negated possible performance enhancements due to
CHO. Difference may have not been observed in the present investigation because of the
duration of the trials and rest periods. Previous studies have shown CHO ingestion during
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prolonged periods of exercise (greater than 50 minutes) have a significant influence on
efficacy (Haff, G.G., Koch, A.J., Kuphal, K.E., 2001; Haff, G.G., Stone, M.H., Warren,
B.J., Keith, R., Johnson, R., Nieman, D.C., Williams, F., Kirksey, K.B., 1999; Krings et
al., 2016; Lambert, C.P., Flynn, M.G., Boone, J.B., Michaud, T.J., Rodriguez-Zayas, J.,
1991). The duration of the present study lasted approximately 60 minutes, however rest
times between sets were 3 min to account for adequate rest to complete power
movements at 85% of the athletes 1RM (Haff & Triplett, 2016). Although the duration of
the trial was long enough, the rest time may have allowed for adequate time for resynthesis of phospho-creatine stores, which in turn would decrease reliance on CHO for
the given trial. Given the higher intensities, short exercise bouts, and long rest periods,
we hypothesize that phosphocreatine and ATP stores were potentially being more utilized
rather than glycogen as fuel. Therefore, glycogen may have been used to resynthesize
ATP stores through glycolysis, as opposed to being the main substrate, which would
diminish the effectiveness of CHO. Although the trial mimicked power based movements
in cheerleading, the rest times may have not accurately resembled the pace of practice or
performance, which typically has much shorter rest times and has continuous movements.
Kulik et al. (2008) proposed that workloads at greater than 85% of 1RM may not allow
exercise to be sustained for long enough to elicit significant glycogenolytic effect, thus
decreasing effectiveness of CHO supplementation (Kulik, J.R, Touchberry, C.D.,
Kawamori, N., Blumer, P.A., Crum, A.J., & Haff, G.G., 2008). The present study
addresses the paucity of research on females, cheerleading, and nutritional intervention
efficacy in cheerleading performance. To the author’s knowledge, this was also one of
the first investigations to specifically assess the efficacy of CHO supplementation for
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cheerleading.
The principal objective of the present study was to determine efficacy of
carbohydrate ingestion during a cheerleading strength and conditioning training protocol.
Performance during a power-based training protocol while consuming CHO, when
compared to the ingestion of a PLA, showed no statistically significant difference in
performance. The findings of the present study suggest ingestion of CHO before and
during a cheerleading strength and conditioning protocol has no significant effect on
performance. While no benefits were apparent for the use of CHO as an ergogenic aid,
the lack of variability in results indicate that CHO are also not detrimental and may serve
other functions, such as maintaining adequate hydration and assuring sufficient caloric
intake.
Limitations
The present study had various limitations. First, although our participants were
instructed to maintain similar dietary intakes the night before each supplementation
intervention, dietary logs were not kept. This may have had an effect on glycogen
reserves and utilization between trials. Second, the Mississippi State University Spirit
Groups team was in season, traveling and performing, during the trials, which meant
some participants scheduled trial dates were changed and not consistent on a weekly
basis. Third, although the intention was to perform trials in the luteal phase, cycles
between participants and their trials were not consistent because of traveling to
tournaments. Future studies should examine the influence of different phases of a
menstrual cycle on performance. Lastly, participants were on various forms of birth
control which may have had an effect on performance or utilization of glucose, given that
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changes in FSH, LH, and estrogen may have had an effect on CHO utilization and
glucose uptake in skeletal muscles.
Conclusions
Given the continued growth in popularity in cheerleading, and an increased risk of
injury rates for cheerleaders, more randomized controlled trials examining physiological
responses and nutritional interventions are needed. The inherent danger of participating in
the sport underscores the importance of identifying ergogenic aids that improve
performance and/or blunt fatigue. Potential attenuation of injury rates among
cheerleaders is vital to the continued popularity of the sport and health of participants. In
this study, the data indicate CHO supplementation has no influence on performance when
completing trials mirroring cheerleading movements. Although no performance
improvements were shown in this study, the results would suggest 30g of CHO in 500mL
of water also show no decrements in overall cheerleading performance when compared to
PLA, implying that the continued use of ingesting CHO during practices and competition
would not be detrimental. This study served an important role in laying groundwork for
future studies examining nutritional supplementation as ergogenic aids, utilization of
appropriate dosages, feasibility of a drinking schedule, and the use of CHO in a practical
setting for cheerleaders.
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